ABSTRACT -It was determined in this work the coefficients of apparent and true digestibility of protein and amino acids of five feeds (corn, wheat bran, soybean meal, corn gluten meal, fish meal) in Nile tilapia. It was used 252 reverted Thai strain Nile tilapia (Oreochromis niloticus) in growth phase, with weight of 310 ± 9.68 g, distributed in experimental randomized blocks design, with five treatments, six replicates per treatment and seven fish per experimental unit. Each experimental diet contained a single source of protein, composed by the studied ingredients. An additional group of fish was fed protein-free diet for quantification of the endogenous fraction and determination of true digestibility coefficients. Digestibility was estimated by the indirect method by using chromium oxide at the concentration of 0.50% of the diet as a marker, performing fecal collection at every four hour interval by using decantation technique. Digestibilidade aparente e verdadeira de proteína e aminoácidos de alimentos em tilápia-do-nilo RESUMO -Foram determinados nesta pesquisa os coeficientes de digestibilidade aparente e verdadeira da proteína e dos aminoácidos de cinco alimentos (milho, farelo de trigo, farelo de soja, glúten de milho e farinha de peixe) em tilápias-do-nilo.
Introduction
Studies on nutritional requirements and nutritional assessment of feed for fish have prioritized the study of proteins, which are the most expensive component of feed and also because, at levels that are surplus to requirements, lead to nitrogen excessive excretion, which, together with the excretion of phosphorus is the main responsible for the eutrophication of the aquatic environment (Sugiura et al., 2001; Wilson, 2003 , Furuya et al., 2005 .
Amino acids digestibility can be expressed as true or apparent, depending on the corrections made by the contributions of endogenous nitrogen compounds. True digestibility can be determined by the difference between the amount of amino acids in the diet and feces or digesta, considering the endogenous losses of amino acids that are subtracted from the total amount of amino acids in digesta or feces (Sakomura & Rostagno, 2007) .
According to Souffrant (1991) , when a diet without protein is given, nitrogen observed in digesta or feces come from the enzymes, mucins, amides, amines, bacteria and cell desquamation of the intestinal mucosa during the passage of food or chyme. According to this author, the main components of these endogenous secretions are the digestive enzymes and mucoproteins.
There are few reports on the digestibility of amino acids of Nile tilapia feed (Furuya et al., 2001 ) and the existing values are expressed as apparent. Moreover, there is a great variability in the results, and this variation may be related to environmental conditions, such as water temperature (Bendiksen et al., 2003) and dissolved oxygen concentration in the aquarium (Neiji et al., 1993) and methodological factors, as the time of feces collection (Allan et al., 1999) , the technique of feces collection (Austreng, 1978 , Windell et al., 1978 and fish size (Henken et al., 1985) .
The objective of this work was to determine apparent and true digestibility coefficients of crude protein and mean amino acids of corn, wheat, soybean meal, corn gluten 60 and fish meal for Nile tilapia (Oreochromis niloticus ).
Material and Methods
The experiment was conducted from October to December 2007, in the Laboratório de Nutrição de Peixes in Departamento de Zootecnia at the Universidade Federal de Viçosa (UFV).
It was used 210 reversed tilapia (Oreochromis niloticus), Thailand strain, weighing 310 ± 9.68 g, distributed in randomized blocks (replications in time), with five diets (treatments), each of them evaluated in six replicates with seven fish per experimental unit.
Each experimental diet was formulated with a single protein source: corn, wheat bran, soybean meal, corn gluten 60 and fish meal (Table 1 ). An additional group with 42 fish was fed a diet without protein for quantification of endogenous fraction and determination of true digestibility coefficients.
Diets were formulated to contain 32% of crude protein for evaluation of high protein feed (soybean meal, fish meal and corn gluten) and 6.5% of crude protein for evaluation of energy feed (corn and wheat bran).
The levels of crude fiber, calcium and phosphorus (except for fish meal), vitamins and minerals were similar for all diets. Cellulose was used so that all diets contained 3.90% of crude fiber. Furthermore, the diets contained 0.50% chromic oxide (Cr 2 O 3 ), used as an indicator for determining the digestibility (Table 2) .
It was used six conic shape fiberglass tanks, with a volume of 250 liters, with individual aeration systems, water supply and drainage, with water renewal of at least 25% per day. vit. B6 -4,800 mg; vit. B12 -4,800 mg; vit. C -48,000 mg; folic acid -1,200 mg; panthotenic acid -12,000 mg; biotin -48 mg; cholin, 108,000 mg; niacin -24,000 mg; Fe -50,000 mg; Cu -3,000 mg; Mn -20,000 mg; Zn -30,000 mg; I -100 mg; Co -10 mg; Se -100 mg. 3 Vitamin C: calcium salt, 2-monophosphate of ascorbic acid-42% active principle. 4 Estimated values based on energy digestibility coefficients of food according to Boscolo et al. (2002) and Pezzato et al. (2002) . Water temperature was measured daily at 7:30 a.m. and at 5:30 p.m., with a mercury bulb thermometer graduated from 0 to 50°C. The pH and dissolved oxygen in water were measured every two days, respectively, through a potentiometer and oximeter.
The photoperiod was maintained at 12 hours of light, using light from mixed lamps, controlled by automatic timer.
Diets were pelleted and before the beginning of the experiment, a test was conducted for three days, with increasing supply amounts of experimental diets to establish the normal consumption of fish. The digestibility trial lasted eight days, three days for adaptation and five days for feces collection.
Diets were provided daily at an amount of 2% body weight of fish in all treatments, four times daily, at 9:00 a.m., 12:00 p.m., 3:00 p.m. and 6:00 p.m., divided in equal amounts. After the last feeding of the day, all tanks were cleaned and they had 50% of water renovated, to remove any diet residue that could contaminate fish feces. After that, 250 mL bottles were engaged at the aquaria bottoms to collect feces by decanting. The bottles carrying feces were immersed in a container with ice, to minimize possible effects of degradation of feces by bacterial action. Feces were collected every four hours (at 20, 0, 4 and 8 hours).
After each sampling, feces were transferred to 50-mL tubes, centrifuged at 2,296 g for 2 minutes, frozen at -70°C and then dried by lyophilization for 72 hours to avoid amino acids degradation.
Analyses of feeds, diets and levels of fecal dry matter and crude protein, and chromium concentration of diets and feces were performed at the Laboratório de Nutrição Animal in Departamento de Zootecnia (LNA/DZO) at the Universidade Federal de Viçosa -UFV, according to procedures described by Silva (2003) .
Analysis of amino acids of diets, feed and feces were performed at the Ajinomoto Biolatina Ind. and Com. Laboratory, using HPLC -High Performance Liquid Chromatography. Tryptophan and proline were not quantified.
Apparent and true digestibility of protein and amino acids were determined by calculating the indigestibility factor by using the formulas described by Rostagno & Featherston (1977) , as follows:
1 -Indigestibility factor (IF):
2 -Apparent crude protein digestibility coefficient (ApCPDC):
in which E 1 = feces from tested diet.
The values of amino acids endogenous excretion obtained from animals fed diets without protein were used to determine the true digestibility coefficients.
3 -Crude protein true digestibility coefficient (CPtDC):
Diet CP
where CPe = endogenous crude protein excreted in the feces; IF 1 = indigestible factor for the tested diet; IF 2 = indigestible factor for the protein free diet (PFD). 4 -Amino acids apparent digestibility coefficient (AAapDC):
where E 2 = protein free diet feces.
Results and Discussion
The water and aeration system allowed the control of temperature and aeration during the experimental period. Values of 28.0 ± 0.68ºC for water temperature, 6.5 ± 0.19 for pH and 6.1 ± 0.32 ppm for dissolved oxygen were maintained, which are within the range considered suitable for breeding of this species (El-Sayed, 2006) .
The apparent digestibility of corn crude protein (83.57%) was similar to that found for wheat bran (82.87%) ( Table 3) . Pezzato et al. (2002) also found similarities between the digestibility of corn and wheat bran protein fractions, despite the divergence of the absolute values found, 91.66 and 91.13% respectively.
However, these values differ from those reported by Furuya et al. (2001) , which were 87.12 and 78.21%, respectively, and these differences can be partly attributed to the crude fiber contents of experimental diets used for determining the digestibility of protein fraction, especially in diets containing soybean meal wheat. Several studies have shown that variations in dietary levels of crude fiber for fish may alter the digestibility, the rate of gastrointestinal transit and digestive tract morphology (Buhler & Halver 1961; Leary & Lovell, 1975; Lanna et al. 2004 ; Dupree & Sneed, 1966 , Shiau et al., 1988 . Lanna et al. (2004) observed that levels up to 5.00% of crude fiber did not influence the digestibility of dry matter and crude protein in juvenile Nile tilapia.
In this study, all diets contained 3.90% crude fiber, level considered tolerable and without significant influence on protein digestibility and transit speed of the bolus in Nile tilapia (Hilton et al. 1983 ; Pereira-Filho, 1989; Dioundick & Stom 1990; NRC, 1993; Lanna et al., 2004 , Meurer et al., 2003 .
Apparent digestibility coefficients of amino acids in corn and wheat bran were 82.45% and 81.47%, respectively (Table 3 ) and, among the essential amino acids, arginine had the highest apparent digestibility coefficient, corresponding to 86.13% for corn and 84.97% for wheat bran.
The lower apparent digestibility coefficient among the essential amino acids was found for threonine of corn and wheat bran as well, whose values were 79.41 and 77.75%, respectively. The threonine low digestibility of these feeds is consistent with results from other studies (Wilson et al. 1981 Gonçalves et al., 2009) and it is probably due to its high concentration in mucin of the intestinal mucosa (Fuller, 1994) . Among the high protein feed, the soybean meal crude protein apparent digestibility (91.12%) was similar to corn gluten meal (90.07%) and fishmeal, whose value was lower (83.53%; Table 3 ). The value obtained in this study for the soybean meal was superior to that found by Köprücü & Özdemir (2005) , which was 87.40% and lower than that reported by Gill et al. (2009) Boscolo et al. (2002) . For corn gluten, crude protein apparent digestibility was similar to that one obtained by Gonçalves et al. (2009) , which was 89.32%, and also by Köprücü & Özdemir (2005) , which was 89.00%, but it was lower than that reported by Pezzato et al. (2002), 95.96%, and by Meurer et al. (2003) , 97.61%.
The differences between the apparent digestibility coefficients of this research and of other studies used for comparison can be attributed to several factors, such as the inclusion level of test ingredient, possible anti-nutritional factors or amino acid imbalance (Mukhopadhyay & Ray, 1997) , the methodology used to collect feces (Sullivan & Reigh 1995) , the fish line (Degani et al., 1997) , the formulation and processing of feeds and ingredients (McGoogan & Reigh 1996) , variety (Leterme et al., 1991) and even the soil where the beans are grown (Owsley et al., 1987) .
The results found in the literature for the crude protein apparent digestibility of fish meal vary between 78.55% and 90.66% (Pezzato et al., 2002 , Meurer et al., 2003 . However, they are similar to those reported by Gonçalves et al. (2009) and Furuya et al. (2001) , which was 82.59 and 84.95%, respectively.
According to Aksnes et al. (1997) , fish meal available in the market show great variation in quality, which can be attributed to the equipment type and processing conditions. In 27 samples of fish meal, Romero et al. (1994) observed variation from 84.5 to 97.0% for protein digestibility in rainbow trout. Brazilian fish meal often have low digestibility, being formulated with slaughterhouse waste, and may have high percentages of ash and protein of low quality, from bones protein matrix, skin, scales and viscera (Boscolo et al., 2004) .
The mean amino acids apparent digestibility coefficient of soybean meal, corn gluten and fish meal were 89.41, 87.78 and 81.65%, respectively (Table 3) .
Arginine was the essential amino acid with the highest apparent digestibility coefficient of all the high protein feed tested and had values of 93.57, 91.95 and 88.20% for soybean meal, corn gluten and fish meal, respectively. Among the essential amino acids, both in experiments with Nile tilapia and other fish species, arginine has always the highest or the second highest apparent digestibility for soybean meal (Wilson et al., 1981; Yamamoto et al. 1998; Furuya et al. 2001; Köprücü & Özdemir, 2005; Abimorad et al., 2008) , corn gluten (Yamamoto et al., 1998; Abimorad et al., 2008) and fish meal (Wilson et al., 1981 , Yamamoto et al., 1998 Furuya et al., 2001; Abimorad et al., 2008) .
The lowest apparent digestibility coefficients were observed for the aliphatic amino acids: valine for soybean meal (86.38%) and fish meal (72.52%) and isoleucine for the corn gluten meal (85.56%). These aliphatic amino acid also had lower apparent digestibility in various works with soybean meal (Furuya et al., 2001 , Gonçalves et al., 2009 ), corn gluten (Yamamoto et al., 1998 , Gonçalves et al. 2009 Abimorad et al., 2008) and fish meal (Yamamoto et al. 1998; Abimorad et al., 2008) . One hypothesis that could explain the low digestibility is that these amino acids are usually located within the protein, due to its hydrophobic nature, hindering the hydrolysis of peptide bonds (Nissen, 1992) .
Although the results obtained in this study and in the literature present some similarities in the highest and the lowest essential amino acids apparent digestibility, the values have great variation even for the same feed. For example, the lysine apparent digestibility for soybean meal found in the literature ranges from 83.40 to 97.01% for the Nile tilapia (Furuya et al. 2001; Köprücü & Özdemir, 2005 , Gonçalves et al., 2009 , and the value found in this study was 80.38%.
Besides the studied fish species differences, one of the factors that could explain, at least in part, the variation in the results of digestibility is the collection interval in the decantation technique. Abimorad & Carneiro (2004) observed that as collections interval increased, there was an increase in digestibility of protein in the evaluated feed, indicating a possible occurrence of small nutrient losses by leaching. In this study, to minimize losses through leaching, samples were taken at intervals of four hours, unlike most studies found in the literature, with interval of 12 hours for collection. Protein and amino acids endogenous losses values obtained in this study (Table 4) resemble those described by Yamamoto et al. (1998) for common carp (Cyprinus carpio). However, these authors observed quantitative difference about three times larger in absolute values for all amino acids endogenous losses to red seabream (Pagrus major) in comparison with common carp (Cyprinus carpio). The red seabream (Pagrus major) is a carnivorous species, unlike the common carp, a species of omnivorous feeding habits, such as Nile tilapia.
Fish feeding habits determine marked anatomical and physiological differences in the digestive tract (NRC, 1993).
The species of carnivorous habits have relatively short gut compared to the omnivorous ones, which facilitates rapid emptying of the digestive tract shortly after the feed is ingested (Scorvo Ayrosa & Son, 1996) . This would probably result in greater endogenous protein and amino acids loss compared to omnivores (Hendriks et al., 2002) , due to higher endogenous excreted daily flow (Moter & Stein, 2004) .
The values for endogenous losses obtained in this study were relatively low for methionine and cystine, which can be explained partly by the low content of sulfur amino acids, both in the mucin layer and pancreatic secretions, as compared to other amino acids (Pozza et al., 2003) .
Information on feed protein fraction digestibility for Nile tilapia have been expressed as apparent values (Furuya et al., 2001; Köprücü & Özdemir, 2005) and works that offer true digestibility values were obtained with other fish species, as found by Wilson et al. (1981) , for channel catfish (Ictalurus punctatus) and Yamamoto et al. (1998) for common carp (Cyprinus carpio), rainbow trout (Oncorhynchus mykiss) and red seabream (Pagrus major). As reported by Pozza et al. (2004) , when considering the contribution of endogenous amino acids and values of true digestibility, the quantity of amino acids used by animals is more accurate, resulting in greater precision in formulation of rations for Nile tilapia.
The corn and wheat bran crude protein true digestibility were 90.02% and 89.62%, respectively (Table 5) . For these feeds, CP true digestibility coefficients were not found in the literature for comparison. For amino acids true digestibility, Wilson et al. (1981) found corn and wheat bran values of 79.10 and 91.10% for the catfish-channel, respectively, which differ from the values obtained in this study, 89.60 and 89.14%, respectively.
For high protein feeds, the crude protein true digestibility coefficients of soybean meal (93.58%) and corn gluten meal (92.50%) were higher than those found by Yamamoto et al. (1998) , corresponding to 92.20 and 78.10%, respectively, for common carp. The value obtained for fish meal (86.01%) was lower than that found by these authors, 90.60%. The mean amino acids true digestibility coefficients were 91.88% for soybean meal, 90.34% for corn gluten meal and 84.27% for fish meal, higher than those obtained by Wilson et al. (1981) which was 84.20% for soybean meal and 72.50% for fish meal, but lower than those obtained by Yamamoto et al. (1998) , which was 92.80% for soybean meal and 91.30% for fish meal, except corn gluten meal, which was 80.80%.
Conclusions
Among the energy feed, corn and wheat bran are similar considering the crude protein and amino acids apparent and true digestibility coefficients. Soybean meal and corn gluten are the most digestible high protein feed, when considering the apparent digestibility or true digestibility of crude protein and amino acids, followed by the fishmeal. The use of true digestibility values of the ingredients tested, bearing in mind the differences found for the apparent values, will allow more appropriate and accurate diet formulation for Nile tilapia, which can improve animal performance.
